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A It S I R  ACT
Conducting films of ±10 camphorsulfonic acid (C.SA)-iloped polyaniline / polyimide 
(PAMI/Pl) blends with vaiinns compositions were prepared by solvent casting process. The 
molecular level interaction in these blend films were e.xperimentally characterized by 
Fourier transform infrared (FITR). Raman, l.iV-Vi.s anil X-ray diffraction (XKD) 
spectroscopic technic|ues. The interacting structure and observed reil shift confirm the 
presence of hydrogen bonding helu ecn the carbonyl group ot PI with the amine ol PAN I 
that affects the optical band gap (E.). electrical conductivity (n) as w'ell as the morphologi 
of the blends. The disappearance of the characteristic peaks ol PAN'1-C.SA after blends with 
PI suggests some kind of molecular mixing between the two components and compatibility 
betw'een the conducting ami non-conducting polymers.
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Introcliiclion
Polymer blends are a key component of current polymer 

research and technology, owing to their ease in production of 
new materials by mixing and in the diversity of their properties 
that result. Polyaniline (P.ANI) is an attractive conducting 
polymer since last decade due to its consiilerable conductivity, 
easy synthesis route and good thermal stability. Mowever. the 
conducting forms of PANl are inherently brittle and poor in 
processability [1.2]. A way of overcoming this problem is to 
prepare blends of PANl with conventional polymers, such as 
polyvinylchloride [3]. nylons [4]. and poly (methyl 
methacrylate) [5] or with high performance polymers such as 
polyimide. polysulfone anil poly (amide imide) [6. 7] to 
maintain the mechanical properties, the piocessability. and the 
thermal stability of conventional or high performance polymers, 
together with the electrical properties of conducting polyaniline. 
Aromatic polyimides (PI) show outstanding thermal, 

mechanical, electrical and solvent resistance properties that have 
been widely used as the high performance parts in electronic, 
aerospace and automobile industries [8]. Many reports are 
available on the preparation and characterization of conductive 
blends of PANl / PI by the conversion process of PANl / 
polyamic acid that involves some kind of critical processing 
conditions [9-13], The characteristics of this type of blend are 
different from the "mixed conilucting polymers", which are 
merely a physical mixture of non-conductive polymer with 
conducting polymer. It is imperative to understand the behaviour 
and molecular interactions in such mixed polymers w-dll throw 
some light on the relationship between structures and properties 
as well as to predict properties or even to design new materials 
with specific characteristics. The objectives of this study are to 
report on the investigation of the molecular interactions in PANl 
/ PI blend films usini; Fourier infra-red (F'l'lR) and Raman

Tele:

spectroscopic techniques. The blend films were also examined 
by ultraviolet-visible (UV-Vis) spectroscopy to probe the nature 
of tiansilion and to determine the optical band gap. We have 
also reported our observations of the electrical conducliviiy and 
structural analysis of PANl / PI blend films.
Expcrimeiil
Chemicals and Preparation of Polyaniline-Polyiniidc (PAN! / 
PP) Blend films

Aniline (synthetic grade from Aldrich) was purified by 
disiillation before use and ammonium peroxydissiilfaic 
((NH.i).’S.'Os). fICI and NH.:OH were used as receiveil for the 
synthesis of polyitnilinc emerakline base, ('t;)-ID-camphoi 
sulfonic aciil (l.ancaster). in-cresol (.Aldrich) and polyiiliide 
(Indian space research organization (TSRO). India) were also 
used as received to prepare conductive PANl / PI bleiiil films. 
Polyaniline emeraidine base (P.ANI-EB) pow'der wuis prepared 
by conventional chemical method [I4j. To prepare conductive 
P.ANI powder. PANT-EB and (t)-10-camphor sulfonic acid 
(C.S.A) powders were mixed in a molar ratio ol 0.2 CSA to 
polvmer repeal unit phenyinilrogen (PANl), - (PI)i , polyblend 
solutions (2w-l 9t) were prepared by mixing the conductive 
PANl with PI in the specified stoichiometric ratio (.v = 0. 2.3. 
50. 7.5 and 100 % w't) and stirred mechanically in the presence of 
m-cresol for about 24 hours at room temperature. The resulting 
polyblend solutions appeared to be very unifortii with no visible 
un-dissolved portion, which was used for the preparation of 
PANl / PI blend films by solution casting technique [15]. 
Measurements

Infrareil measiiremeius in the range 400 2000 cm ' were 
recoriled with a fully computerized Bruker IF.S 66V 
spectrometer with 200 scans per spectrum at 2 cm ' resolution. 
All the measurements w'ere performed ex situ in the transmission 
mode as KBr tablets. The optical transmittance spectra were

r v M u n l  ; i ( l ( l i H ‘.S M k s :  n n / i . ‘ (.‘ r p r c m ( o ’ ” m a i l A ' o n i

£) 2ni t Klixir .Ml i " h t . s

http://www.elixirioiinial.ori


C: Hiiach: U '̂- 
r-':' .' ..;rizsu raJialiiMi ai 

i 2 nr’ \%a'̂  u'^sJ in ilii' 
n-.iJa on of l\pical

"  'lib'iva;;'-. The Mibsiraie

recorded from nUO lo SOfi nm v. a->
Vis-NIK specirophoiomelcr 'L -,'-' 
room lemperature wild a rcMa 
siudy. The measurement \rere 
thickness ( 1(1 pm) depo.sited ,-.n if; 
absorption is correcietl b\ introdtreinc ail tmeoated cieaned glass 
siibstrale in llie reference beam. In the present stud>. room 
temperature X-ra\ diffraction patterns were recorded using 
Philips X-ra> generator (Model P\N' Ie90i with an Ni filler and 
CuK„ radiation {X -  1.541 Is k} at 40 kV and 20 niA in the 20 
range of 10° to 70° with an accuracs of 0.02°. Thickness of the 
PANI film (9.!sx 10' '̂m). employed in this investigation was 
measured using a universal length-measuring instrument 
(TRIMO.S. Switzerland) lo an accuracy of 1: 0.lxl0"*’m (the 
pressure maintained in the ball contact was 2.47 Pa) and 
confirmed with alpha step surface profilomeler (TENCC)R 
Alpha step 200-/'\L02). The area of the film, used for (he 
conduction siudy was --5xl0‘’ m . as measured using a profile 
projector (Nikon-V-20A, .lapan) with lO limes magnification. 
For conduction ineastireincnts. Metal Polyaniline -Metal (MPM) 
sandwich devices were preparetl b\ evaporating gold in a 
vacuum of 2.7x10"’ Pa onto well-cleaned glass substrates 
ihiough suitable masks to form bottom and top electrodes. The 
dc coiuluclivity tlala was acc|uiretl using a constant current 
source coupled with a high-inptii impedance electrometer (l.ab 
Equip. India). For all comluctiiity tlala presented here, ihe 
samiile container was pumped for few hours before the tlala 
acquisition, to eliminate the cffecis of any absorbed moisture. 
Results and discussion 
Experimental Study 
Infra Red spectra

The FTIR spectra of P.ANl (a), PANI / PI blends w'ith the 
weight ratio of 15:25 (b). 50:50 (c) and 25:75 (d) are shown in 
Fig, I, The IK main peaks of PANI and PI are identified. The 
PANI shows qiiinoid (Q) ring stretching at 1597 cm ', and 
benzenoiti (B) ring stretching ai 1502 cm ' typical feature of a 
semiqtiinoitl slrucitire of emeraltline type [16], The bands at 
1371 cm ' and 1345 cm ' corresponds lo B-N-Q and C.,,-N 
stretching modes respectively. The absorption peaks at I 175 
cm ' and 804 cm ' are due to C-FI in plane and out of plane 
bending vibrations of the aromatic ring respectively. The IR and 
Raman peaks of PANT / PI blend (b) peaks are similar lo 
conductive P.ANl. In the case of (c) and (d) the carbonyl C“ 0  
stretching banil of PI seen at 1730 c m ' (d) shifts to 1720 cm '(c) 
as the PANI content increases from 25% lo 50?r wi. As Ihe 
content of P.ANl increases, the carbonyl baiul becomes smaller 
and Its peak shows a broad baml.. The observed red shift is due 
lo the formation of hydrogen boiul belw-een the C'-O group of PI 
with the amine ol P.ANl. wiihoul allowing the amine to 
participate in prolonulion (.Scheme I). A similar observation has 
been reported for thermally imidizcd PANI / polyamic acid 
(PAA) blends [13]. Since 0  is highly electronegative the 
hydrogen bonding to a carbonyl group lengthens the C=0 boiul 
and lowers the stretching force constant, which results in a 
lowering of the absorption frequency. The hydrogen bond 
between the C=0 group of PI with the amine of PANI also 
affects the B-N=Q stretching mode. Because of this reason the 
band at 1371 cm ' (a) shift lo 1354 cm ' fc). The band at 1336 
cm ' is assigned lo the characicrisiic band of C.„-N siretchina (a) 
intlicaie the doped state of PANI. This band almost disappears 
in the ca.se of (d) due lo the availability of more carbonyl group

of PI that hampers the prolonation. This fact is also seen as the 
inicnsils of the banti at 1502 cm ' tlecays where (he band C- 
\ir=-C turns into C-N-C characterizes the deprolonated 
siriicltirc.

Fig. I I 'I'-IR spectra of PAM, PAM /PI blend films.

Optical spectra
The iransmillance (3'l data of polyaniline (PANI). 

polyimitle (PI) and PANI / PI blend films (Fig.2) show the 
higher transmission in the higher wavelength region and its 
decline al absorption edge. .Analysis of the absorption 
coefficient (ai has been carried out lo determine the nature ot 
iransititnis insolved ancl lo obitiin the optical band gap (E,̂ ). 
Abstii'plitrn coefficient data were elucidated Irom i.iplicai 
transmission measurements in the inlcrterence-tree, strong 
absorption spectral region. The l.rcquencv dependence ol the 
absorpiion coefficient can be described by an empirical relation.

cin' - A h v - E J '

l-'ig. 2 ■I'ransmittancc spectra of PAM, Pi and P.AM /PI 
blend films.

where A is a material constant. f.„ a characteristic energy 
termed as optical band gap aiul ii is the transition probability 
index, which has discrete values like Vz .’/> 2 or more depending 
on whether ihe transition is direci or indirect anti allowed or 
forbidtlcn. The plots of (rz/ii')' \erses h \’ and U'xln’)''' verses 
/ii'tire linear fiinclion. indicating ihc cxislence of direci allowetl 
anti indirect allowetl transition in P.AM and PI, P.ANl / PI blends 
respectively. Extrapolation of linear ilepcndence of the relation 
lo abscissa yields the corresponding bandwidth E;,. 1’he values 
ot Ihe optical energy gaps obtained from Fig. 3 (a), (b) anti (c) 
are listed in 'fable I.

Fi.g. .3 (a) Plot of (ahv) verses bv show indirect allowed 
transition in PI,
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(b) Plot of (ahv) ■ verses hv shoM direct allo" ed transition in 
PAN!

(c) Plot of ( a h v ) v e r s e s  hv show indirect allowed transition 
in PANI / PI blend films.

diffraction peaks in the patterns of PANd / PI blends indicating 
the synergetic effect of the presence of large nuniber of 
hydrogen bonding moieties (C'-O group of PI anti amine ot 
P.ANI) in polvblenti films reducing the interchain packing and 
hence resulting in the conformational hindrance ol PANI sub 
chain, 'fhe disappearance of the characteristic peaks also 
suggests some kind of molecular mixing between two 
components fl3J. However, the improvement ot electrical 
conductivity from ID* to ID* S/cm in this blend films as shown 
in the Table(l) is due the enrichment of the conducting path in 
the amorphous regions of P.ANI / PI blentls that reduces the 
tunnelling/hopping distance between disordered regions results 
in the enhancement charae carrier motion.

Pig. 4 X-ray diffraction patterns of P.ANI, PI and PANI-Pl 
blend films.

From the table, it is obscrvetl that the percentage of 
transmittance IT) decreases with the increase of P.A.NI 
concentration. .At the same lime the range, of transparency 
almost remains same in P.ANI and its blends except for the 
polyimide film. The band gap evaluated for PANI (,: eV) almost 
matches wdth the reported result [17]. The band gap for PI film 
is calculated as 2.2, 3.51 eV. Yoo el al. [IfiJ have recently 
reported the existence of only one optical band gap for 
polyimide (3.51 eV) matches with our result. However, there is 
an additional band gap (2.2 eV) obtained for PT film may be due 
to the formation of excilon. The exciion is a bound electron-hole 
pair, which can be formed in every insulating crystal, if the band 
gap is indirect. The excilon near the direct gap may be unstable 
with respect to decay into a free electron and free hole. The 
excilon also has different energy level. The energy of formation 
of an excilon is less than the band gap and so its energy level 
lies in the band gap. The optical band gap of the polyaniline 
blends shifts from 3.67 to 3.47 eV (bathochromic shift) when the 
PANI load (.r) increases from D.25 to 0.7.5. This bathochromic 
shift indicates the formation of hydrogen bonding freiween PI 
and PANT, which may result in weakening of bond strength in 
PANT .Similar results were reported for PANI ■■ poly (vinyl 
alcohol) (PVA) and PANI nylon 6 composites [4|.
Structural ami electrical condiiclivity

X-ray diffraction patterns of P.ANf. PI and PANT / PI blend 
films with the weight ratio of 75:25, 50:50 and 25:75 are showni 
in Fig.4. The CSA-doped PANI film has a prominent diffraction 
peaks at 20 -  IS.7" and 31.S m the background of amorphous 
shoulder around 25“, indicating that some part of the PANT sub 
chains become rigid and orderetl. A model for the structure of 
eSA doped polyaniline film explains the presence of alternating 
layers of flat emeraldine salt chains and CSA' anion parallel 
(a.c) planes [19] growm parallel to the c axis. Here, polyaniline 
could be treated as a polycalion while C.SA acts as an anion that 
allowss an increa.se in interchain packing and thus induces higher 
structural order. On the contrary, there are no pronounced

Scheme 1 Kiiiiiui.samy et til.
('(Hiclitsion

Condtictivc films of PANI / PI blends with different 
compositions w'cre prepared by solvent casting process. The 
molecular level interaction in these blend films was 
experimentally characteriz.ed by Fourier transform infrared 
(FTTR). UV-Vis and X-ray diffraction (XRD) spectroscopic 
techniques. It was demonstratetl that PANI can react with PI to 
form chemietd bonds and keep them as a miscible system. The 
interaction [retween O of the carbonyl group in PI and H ol 
amine in P.ANI hampers the prolonation of latter, in ttirn 
increasing its band gap. The race between the dopant moieties 
and hydrogen bond moieties affect protonation process in the 
P.ANI / PI blend system which in turn intluence the structural, 
optical and electrical properties. Theoretical study on structure 
and interacting nature of PANT/PI blends is in progress using 
density functional theory (TDFT) and frontier molecular orbitals 
(FMO) for our future work.
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I'iiblc I. Optical paramctci s of PANl, PI and PAN! / PI blend films.

Concentriituin Ranine o( Iran.sparencs Cunduct ivity
l*ANI-PI T> |h- oC tnui.sition Riind (J'-j;.) Percentage <il irai ismil lance (mn) (S/cm)
(\ \ / w ) 9f

0:100 (P!) Imliiec? alloweti 2.^ and 3. 1̂1 94 S50-X00 3,43 x i o "

3.S:7.S liuliieci ullowecl 3,67 12 330-800 I.S4 xIO"'

.^0:S0 liKlirtci allouoil 3.38 41 360-soil 3,14 x i o '

>: -I ̂ Iniluecl aMnuetl 3.47 ~r< 360-SOI) ?.3S xK)-'

UK);0 iPANI) Direci allowed 3.0 7.S 330-800 7.82 xlO '

3'able 2 .Assignments of main peaks of PANI-PI blend spectra (wave number in cm ').

Peak as-siunmenl “ r r - i R
C . 0  ([' ll 1720

O C  (Q) nny of P,\N 1) 1 .S97

C'N-'-C iN-B-N ul ' l’.ANIi I.S02
C-C .Sirelchlng of' {) nnj;. ol' l’,\.N 1 1334

Cm-N iPANIi I 343

C'H (in plane mode ol I’A N l) 1 I 7 3 ~

('■H (oiii of plane mode of P,ANIi 8 1 ^ ’

''PANl-pnlyaniline. Pl -polyimidc. B-dienzenc ring. (()-t.]iiinoiti niui; 
Exnerimcnuil values ot IR ami Riiiniin uie nreseiUi.'d luc .S():.S()0 u I .  n!' P .\ ;\  1


